Anaerobic Treatment of a Food-Processing Effluent  by Tedjani, Fatiha et al.
Procedia Engineering 33 (2012) 215 – 219
1877-7058 © 2012 Published by Elsevier Ltd.
doi:10.1016/j.proeng.2012.01.1196
Available online at www.sciencedirect.com
Available online at www.sciencedirect.com
Procedia 
Engineering 
Procedia Engineering  00 (2011) 000–000 
www.elsevier.com/locate/procedia
* Corresponding author. Tel.: 021321 247311; fax: 213 21 24 73 11. 
E-mail address: hghoualem@usthb.dz, haghoualem@yahoo.fr 
  
ISWEE11 
Anaerobic Treatment of a Food-Processing Effluent 
Fatiha Tedjania, Ali Khouidera, Hafida Ghoualema,*
a,
*Laboratoire d’Electro-Chimie, Corrosion, Métallurgie et Chimie Minérale.Faculté de Chimie.USTHB, BP32 El-Alia Bab-Ezzouar. Alger. 
16111 Algérie 
Abstract
  Urban, agricultural and industrial activities consume huge amount of water.  These fields generate a high quantity 
of residue water thrown in nature (streams, rivers). Generally this water is neither treated nor recovered, thus 
constitutes a serious factor of pollution of the receiving environment. Therefore wastewater should be treated in 
order to minimize its impact on the nature. 
 Our study analyzes the feasibility of a biological treatment trough an anaerobic means of sewage produced by the 
food processing industry. This wastewater is rejected without treatment in the river.  
The anaerobic digestion is the degradation of organic matter by bacteria and production of a biogas essentially made 
of methane and carbon dioxide. 
 We focused in a first time on the analysis of chemical and physical parameters of pollution which influence the 
biological treatment of wastewater. The results of analyses showed that the content of physical and chemical 
parameters of pollution exceed widely the standards of rejection. In a second time, we applied a biological treatment 
to this effluent. The influence of pH, temperature and agitation was investigated. The best results were obtained at 
35°C and pH equal to 6.5.The obtained results of elimination from BOD5, COD, NH4+ and NO3- parameters have 
reached 62, 65, 90 and 90%, respectively. 
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1. Introduction 
   For decades, the receiving environment (rivers, lakes and sea) has receipt urban and industrial wastewater 
without any treatment. The majority of this wastewater does not undergo any previous treatment before its reject in 
the receiving environment, which leads to the deterioration of the receiving medium and constitute a considerable 
factor of pollution. This latter could be of chemical, organic or physical [1]. In several cases industries are not 
equipped with sewage treatment plant. The majority of industrial effluents are directly discharged in the nature, 
without any limit of norms [2-3].  
 Our study aims to analyze the feasibility of a biological treatment of a food processing sewage resulting from a 
dairy factory situated in the region of Tizi Ouzou. First, we conducted physical and chemical characterization of all 
pollution parameters such as COD, BOD5, NH4+, NO3- and SO4 2- ions. Then, we applied a biological treatment to 
these effluents through an anaerobic means [4-5]. 
This study aims to present an adequate system to reduce this pollution.  
2. Materials and experimental methods 
2.1 Method and instrumentation 
    Molecular spectrometry in the field, of the Ultra-Violet ranging from 185 to 380nm, visible from 380 to 
800nm, is a technique of analyzing and control of chemical components. The study of absorption or emission of 
UV-Visible radiation is with a soluble substance. This absorption provokes electronic transitions which produce 
bands of absorption as the basis for a qualitative analysis. They are applied to groups of atoms (molecules, 
polymers, ions…) which absorb the electromagnetic radiation in the field of UV-visible. 
2.2 Experimental methods 
     Wastewater samples were collected from factory one to two times per week. The water temperature and pH were 
measured in situ.  Chemical parameters of pollution (NH4+, NO3-   and SO42-) have been determined by UV-visible 
spectrophotometer and have been analyzed according to the standard method (AFNOR) [6]. The following methods 
were used: for COD measurement, the K2CrO4 boiling method, for BOD5, the 20°C incubation method, for NH4+, the 
Nessler N method, and for NO3-, the sodium salicylate N method [7]. 
3. Results and discussion
   The color of the effluent was turbid and yellow. The analysis of theses effluents showed that some physical and 
chemical parameters exceeding the standards of reject. The concentration of the COD is estimated between 6567 
and 9735 mg/L, while concentration of the BOD5 is limited between 712 and 1230 mg/L. The values of the COD 
and BOD5 are higher than the discharge standards (120 and 40 mg/L).  
The nitrates varied from 51 to 70 mg/L, and the concentration of the ammonium is evaluated between 0.10 and 
0.288mg/L. The concentration of the sulfates varied from 400 to 550 mg/L.  
 These values are in the good range of activity of the micro-organism and are favorable for a biological treatment. 
The biological wastewater treatment at the laboratory scale was achieved through pilots. A pilot consists of digesters 
with a capacity of 2 liters each. In all cases, the influence of agitation (with and without agitation), temperature 
(from 25 to 35°C) and pH (6.5 and 9) was studied. 
The best results obtained at temperature equal to 35°C and pH equal to 6.5.  At the outlet of pilot, the water became 
clear. We notice significant elimination as of the COD, which reaches 65% (Fig.1).  According to Dawood [8], the 
decreasing of the COD goes up with the increase of temperature. 
 We found that only the organic carbon was highly assimilated by the microorganism and oxidized into an 
inorganic CO2 (endogenous respiration). However, the assimilated carbon cannot be considered to be eliminated. 
The microorganisms stick to the walls of the digester [9]. 
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                  Fig.1: Evolution of the COD with time                                                          Fig.2 : Evolution of the BOD with time 
We also notice a reduction of the BOD which reaches 65% (Fig.2). The concentrations of COD and BOD5 of effluent 
at the outlet of the pilot were much weaker, which shows that the treatment is well adapted.  
The elimination of pollution parameters is better with the increase of temperature (25 – 35°C) according to [10-12]. 
A significant degradation of the ammonium ion was also observed (Fig.3). This decrease is due to enzymatic 
oxidation of ammonium (NH4 +) to nitrite (NO2-) then nitrate (NO3-) under the influence of nitrifying bacteria. is a 
process in two steps in which nitrite formed as an intermediary. The microorganisms responsible for making the 
transformation are Nitrosomonas and Nitrobacter are as shown below 
55NH4+ + 76O2 +109HCO3-              C5H7NO2+ 54NO2- + 57H2O + 104H2CO3                                  (1) 
  400NO2- +NH4+ + 4H2CO3 + HCO3- + 195O2                        C5H7NO2+ 3H2O+ 400NO3-                                           (2)
   The overall equation describing nitrification is as follows [13]: 
  NH4+ + 1,86O2 +1,98HCO3-                 0,021C5H7NO2 + 0,98NO- + 1,041H2O + 104H2CO3                        (3)
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                 Fig.3: Evolution of the NH4+ with time                                              Fig.4: Evolution of the NO3- with time 
We noticed a significant reduction of nitrate ions after use of nutrients consumed by bacteria during processing
(Fig.4). This decrease is due to the denitrification process, which is based on the elimination of nitrates. 
Denitrification is carried out by heterotrophy bacteria, which require a carbon source [14]. 
According to K. Kida et al [15], the elimination of nitrates can be schematized to these equations: 
5CH3COOH + 8NO3- + 8H+           10CO2 +4 N2 +14H2O                                                   (4) 
5CH3CH2COOH + 14NO3-                     3CO2 + 8H2O + 7N2 +14OH-                                         (5) 
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We observe a decrease of sulphates (Fig.5), this is due to the oxidation of sulphur. In the biological process, the 
sulphur oxides (SO42-, HSO3-, S2O32-, S4O62-, etc) are reduced in sulphur (H2S(aq) , H2S(g), HS-) with reducing 
bacteria of sulphates [16].   
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Fig.5: Evolution of the SO42- with time 
  
 The bacteria activity in presence of sulphates can have undesirable effects on the process of anaerobic digestion 
[17]. Bacteria use the SO42- ions as a source to degrade the acetate with liberation of   CO2. They can even use 
hydrogen. The reduction of sulphates is represented by the following equations: 
2CH3COOH + SO42-       2CH3COO- + HS- + H+ + 2H2O                                                         (6) 
CH3COO- + SO42-       2HCO3- + HS-                                                                                   (7) 
HCO3- + H+        CO2 (g) +H2O                                                                                  (8) 
HS- + M2+            MS(s) + H+                                                                                                                                   (9)  
  
Sulphates are malodorous and require a high concentration of oxygen in the effluent [18]. Sulphates are known as 
inhibitors in the anaerobic treatment, they are reduced to sulphurs, they show the inhibition of anaerobic digestion 
[19-20]. According to McCartney and Oleskiewicz, this inhibition depends on the type of substrate and various other 
kinds of bacteria [21]. 
A direct toxicity of sulphates, Mudrack and Kunst [22].  showed that this toxicity is exclusively due to a sulphide 
dissociation, this dissociation depends on the middle of pH [23, 24]. 
4. Conclusion 
 The aim of this work is to set an anaerobic process of treatment that can reduce the pollution of sewage produced 
by the food industry. The analysis of this sewage allowed defining chemical parameters of pollution going beyond 
norms of reject. 
The treatment showed that the degradation of   COD and BOD, SO42- and NO3- ions reached elimination outputs 65, 
62, 61 and 90%, respectively.  
According to the obtained results, the anaerobic treatment can be applied to the effluent of the cheese factory. This 
allows reducing pollution and protecting the receiving environment (river). 
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